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1
METHOD AND APPARATUS FOR
CONTINUOUS ELECTROCHEMICAL
PRODUCTION OF THREE-DIMENSIONAL
STRUCTURES

FIELD OF THE INVENTION

The present invention relates to a device and method for
manufacturing 3D metal structures by a sequence of elec-
troplating steps.

BACKGROUND OF THE INVENTION

Electrodeposition is a common method for growing metal
structures on conductive substrates. This growth starts when
a negative potential or current is applied between the sub-
strate and a counter electrode. Electroplating is a commonly
used method in fabricating electrical micro-connectors. By
combining photoresist patterning, electrodeposition, and
photoresist removal with repetitive steps, it is possible to
fabricate three-dimensional (3D) metal structures with a
resolution of few or more microns, wherein the term “3D
structures” relates to structures which are not flat (2D).
Moreover, by employing this approach it is possible to
electrodeposit various metals and alloys on top of each other.
By reversing the current or potential, it is possible to
electro-dissolve some of the metal components, providing
additional routes for creating more complex 3D metal struc-
tures. Examples of such techniques can be found in U.S. Pat.
Nos. 7,229,544, 8,216,931, 8,575,025, 8,939,774, 9,244,
101, and 9,777,385. The known methods and devices are
useful for microfabrication industry, but they are difficult to
scale up for substrates exceeding the size of silicon wafers,
and cannot be employed for practical and cost-effective
manufacture of 3D metal structures e.g., such as comprising
for example meshes and foams. It is therefore an object of
this invention to provide a time- and cost-effective method
for creating 3D metal structures of various predetermined
sizes by using electrodeposition.

It is another object of this invention to provide a cost-
effective, up-scalable method for creating 3D metal struc-
tures of a predetermined size of 10 micrometer of more.

It is a further object of this invention to provide 3D metal
structures of a micron or submicron size by electrochemical
deposition.

It is also an object of this invention to provide a process
for producing 3D metal structures of a desired shape and
size.

Other objects and advantages of present invention will
appear as the description proceeds.

SUMMARY OF THE INVENTION

This invention provides a device for manufacturing 3D
metal structures by electrochemical deposition (ECD), com-
prising 1) a cathode comprising a planar surface; ii) an
electrolyte in contact with said planar surface, the electrolyte
comprising ions of said metal; iii) an array of separate
anodes, in contact with said electrolyte, arranged on a planar
non-conductive plate (NCP) in a 2D grid, the plane of said
plate essentially being parallel and adjacent to said cathode
planar surface, the anodes configured to deposit said metal
onto said cathode planar surface in deposition areas opposite
to them when an electric current flows through them; iv) a
controlling system configured to individually regulate the
potential between said cathode and each anode of said array,
further comprising a microprocessor for collecting data, and
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for storing data and predetermined parameters; and v) elec-
trically conductive connectors connecting each anode with
said controlling system, the connectors being electrically
insulated from said electrolyte; wherein said predetermined
parameters comprise at least one combination of anodes
selected from said array to represent an anode pattern
template in said 2D grid, which template provides a depo-
sition pattern on said cathode surface during a discrete time
period, when an electric current flows only through said
selected anodes, said deposition pattern being essentially a
cross-section of said 3D metal structure. In fact, the depo-
sition pattern is an image of said template wherein the anode
size and their number define the image resolution. Said NCP
may comprise a material selected from the group consisting
of polymer, glass, ceramic, and composites therecof. The
device advantageously comprises an altering means for
changing the deposition pattern in two consecutive discrete
time periods. Said altering means is selected from the group
consisting of the means for laterally changing the position of
said cathode surface and said NCP, the means for changing
said combination of anodes selected from the array, and
combinations thereof. Said means for laterally changing the
position of said cathode surface and said NCP preferably
comprise a micro-controlled engine. Said means for chang-
ing said combination of anodes usually comprise a software
stored in said microprocessor or in a memory. The metal
depositions during said consecutive discrete time periods
actually correspond to thin layers of said 3D metal structure.
In a preferred embodiment of the device according to the
invention, said predetermined parameters comprise a
sequence of deposition patterns stored in volatile or non-
volatile memory to be applied in a sequence of consecutive
time periods, resulting in a sequence of thin layers building
said 3D metal structure. Said controlling system may com-
prise a computer-aided design software (CAD). Said altering
means is usually configured to consecutively switch on a
predetermined sequence of anode combinations. In one
embodiment of the invention, said steps of switching on said
predetermined anode combinations may be combined with
mutual lateral movements of the cathode surface and the
NCP; such lateral movements enable metal depositions in
the cathode areas not affected by the anode array in cases
when the deposition areas corresponding to two neighboring
anodes do not overlap. The anodes may have a cross-section
shaped as circle, rectangle, triangle, annulus, narrow bands,
and parts thereof or combinations thereof. In some embodi-
ments of the invention, the deposition areas corresponding
to two neighboring anodes do not overlap. In some embodi-
ments of the invention, the deposition areas corresponding
to at least some neighboring anodes overlap. In one embodi-
ment, the deposition areas corresponding to all anodes in the
array essentially fill said cathode planar surface. In one
embodiment, said grid is a rectangular grid, said anodes
have a square cross-section, and the surface of the anode
array covers at least 20% of the NCP plane. The device of
the invention preferably comprises a perpendicular shifting
means for adjusting the distance between said cathode
surface and said NCP, the means comprising a micro-
controlled engine or motor. During the electroplating pro-
cess, the distance of the electrodes is preferably regulated in
accordance with the growing height (thickness) of the 3D
structure and decreasing concentration of the metal ions in
the electrolyte. In one embodiment, the device comprises a
sensor indicating the distance of the cathode surface and the
NCP. In a preferred device according to the invention, the
anodes array is embedded and sunk in said NCP, so that the
NCP isolates the anodes from each other by non-conductive
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barriers and forms channels through which said metal ions
move from said anodes to said areas on the cathode planar
surface on which said metal is deposited. Said anodes may
have a size from nanometers to centimeters or more. The
height of said barriers is preferably greater than said anode
size, sometimes 1.5 times or 2-10 times greater or more.
Said barriers can also preclude short circuiting when adjust-
ing the distance between said cathode surface and said NCP.
Said controlling system may reverse the potential between
the electrodes to dissolve a part of the metal deposited in the
cathode surface. A part of the anodes in the device of the
invention may be configured to facilitate the deposition of
metals along the direction perpendicular to said cathode
planar surface. In one embodiment of the invention, the
device comprises electrodes for measuring electrolyte con-
ductivity in the ambience of the working electrodes. In some
embodiments, the electrodes employed for the electrodepo-
sition may be utilized for the conductivity tests, but alter-
nating current is used; in some embodiments, a four-probe
method may be employed, including four additional elec-
trodes/pins in the solution, wherein two pins are used for
measuring current and the other two for measuring voltage,
thus enabling to assess the resistance of the electrolyte.

The device of the invention for manufacturing a plurality
of 3D metal structures, in one aspect, comprises a plurality
of cathode surfaces, each surface serving for manufacturing
one structure. Such a device preferably comprises a fixing
head which holds said cathode surface in the desired posi-
tion adjacent to the anode array sheet during a stage of
electrochemical deposition. In one preferred embodiment,
said plurality of surfaces is represented by a long (“infinite™)
continuous sheet which moves through the head along the
anode array, in discreet stages—always stopping for the
deposition operation to be effected on a certain part of the
continuous sheet, wherein said head holds the desired part of
the sheet during one stage, enables the translation of the
sheet by desired distance after the stage, and repeatedly
holds the sheet during the consecutive stage. The device may
comprise a feeding roller which unwinds the sheet and feeds
it to the position adjacent to the anode for each stage, and
further a receiving roller which winds the sheet in after each
stage. In other embodiment, said plurality of surfaces may
be realized by a plurality of stacked sheet pieces in a holder,
being supplied to said head for each stage.

The invention provides a method for manufacturing 3D
metal structures by electrochemical deposition (ECD), com-
prising i) providing a cathode with a planar surface on which
said 3D structure is to be built, an array of separate anodes
arranged on a planar non-conductive plate (NCP) in a 2D
grid, the plane of said plate essentially being parallel and
adjacent to said cathode planar surface, and an electrolyte
filling the space between the electrodes and comprising ions
of said metal to be deposited; and connecting each anode
with a controlling system which individually regulates the
potential between each anode and said cathode, and which
comprises a microprocessor for storing software and data; ii)
supplying to said microprocessor data defining said 3D
structure to be manufactured, and creating by a software in
said microprocessor a plurality of 2D cross-sections essen-
tially composing said 3D structure; and iii) selecting an
anode combination for each 2D cross-section to create a
deposition pattern template in said 2D grid, which after
switching the selected anodes on will deposit said metal in
a deposition pattern essentially forming an image of said 2D
cross-section; and activating the selected anodes for a time
period sufficient to form a layer of a predetermined thick-
ness, thereby creating one layer after another, eventually
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forming said 3D structure. Said step iii comprises changing
the deposition pattern in consecutive discrete time periods
by laterally changing the position of said cathode surface
and said NCP while using a micro-controlled engine and/or
changing said combination of selected anodes. The inven-
tion also relates to a continuous process for manufacturing
a plurality of 3D metal structures, comprising providing a
plurality of cathode surfaces, each surface serving for manu-
facturing one structure in one stage, the cathode surface
being held adjacent to the anode array by a fixing head
during one stage of electrochemical deposition, said plural-
ity of surfaces being realized by a long continuous sheet
wound on a coil, or by a stack of separate sheets in a supply
holder. The process in one embodiment comprises moving
said continuous sheet in discreet stages along the anode
array, wherein said head and/or supplying and receiving
coils repeatedly move the sheet by the desired distance after
finishing each stage; alternatively the supply holder delivers
the sheet pieces.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other characteristics and advantages of the
invention will be more readily apparent through the follow-
ing examples, and with reference to the appended drawings,
wherein:

FIG. 1. is a scheme of electroplating apparatus according
to one embodiment of the invention;

FIG. 2. shows an example of a deposition pattern created
by a method according to one embodiment of the invention;

FIG. 3. is a schematic representation of step-by-step
deposition by a method according to one embodiment of the
invention, the deposition filling the whole area covered by
an electrode array of a device according to the invention;

FIG. 4. shows circumventing arrangement of outer coun-
ter electrodes for horizontal electroplating and placement of
microelectrodes in a method according to one embodiment
of the invention; and

FIG. 5. schematically shows a device for continuous
electroplating of 3D microstructures according to one
embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

It has now been found that the electrochemical deposition
(ECD) can be employed in a practical, flexible, and cost-
effective process for manufacturing a 3D metal structure
with good resolution, when the structure is made on a planar
cathode adjacent to an anode planar grid sunk in a plastic
plate, while gradually switching a plurality of anode com-
binations, each representing in said grid a 2D pattern tem-
plate which is transformed to corresponding deposit image
corresponding to a cross-section layer of said 3D structure.

The invention relates to a method and to an apparatus for
continuously creating 3D structures of metals and metal
alloys from aqueous and non-aqueous electrolytes by apply-
ing a current or potential between two conductive substrates
or electrodes. An electrode arrangement in one embodiment
of the device according to the invention is shown in FIG. 1.
The electrode on which the metal is deposited is called a
substrate working electrode or SWE (5), whereas the oppo-
site electrode is realized by an array of counter electrodes or
CEs (3) fabricated on a non-conductive plate or NCP (2)
than can be rigid or flexible. Said SWE may comprise Cu,
Al Ni, and other metals or alloys for electrodissolution, and
for example Cu or Ni for electrodeposition; SWE may
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comprise other conductive materials, such as carbon sheet,
conductive plastic sheet, conductive ceramic sheet, etc.;
SWE may have various shapes, for example rectangular for
continuous deposition from the rolls. Preferably, NCP is
made of a polymer, such as polychlorinated biphenyl, or it
may comprise rubber, glass, ceramics, or other non-conduc-
tive material. Each mini-electrode CE (3) is connected to the
controlling system that can switch on or off the current
flowing through it independently of other CEs.

The CEs (3) are embedded in a non-conductive material
or NCM (1) that electrically isolates each electrode. Both
CEs and SWE are inside the container with electrolyte. CEs
and NCM are in contact with the electrolyte, while the CE
connectors (4) are not exposed to the electrolyte and are
protected by a non-conductive material, preferably the same
as NCM; the CEs are connected to a controlling unit located
outside the container. The CEs can be of any shape, for
example having a cross-section shaped as circle, rectangle,
triangle, ring, arc, or other. The CE and the NCM barriers
separating them can have a size that ranges from microm-
eters to millimeters, or to centimeters, or to tens of centi-
meters. In one aspect, the CE is made of a metal or any
conductive material that is stable in the electrolyte and does
not corrode under applied current and potential. Preferably,
the CE comprises a material selected from glassy carbon,
titanium, gold, platinum or other noble metal (Ir, Ru etc.) or
their stable alloys with other noble and non-noble metals
(Co, Ni, Fe etc.), alloys of transition metals like NiCr or
NiMo, and stainless steel. In some embodiments the metal of
CE can be the same as the deposited one; in such case, the
amount of the metal on CE should suffice for the required
electrodeposition duration. The thickness of the CEs can
vary from tens of nanometers to a few millimeters, but in
some embodiments it may be greater. The height of NCM
barriers is not less than the thickness of CEs; preferably it is
at least 1.5-10 times higher to minimize the influence of the
neighboring electrodes on the local metal deposition. The
potential applied on SWE is negative with respect to CE, if
the metals are to be deposited on SWE. The number, shapes,
and arrangement of CEs are modified in accordance with the
intended application. The current/potential can be switched
on and off between any individual ME and the SWE, thus
effecting metal deposition only in the specific region lying
directly opposite to the considered CE.

The general electrochemical reaction of electrodepositing
metal (cathodic reaction) is:

M 4xe—MO (Equation 1)

where M is a metal that being deposited on SWE, and x is
the charge size of the metal cation. The reverse reaction
happens under electrodissolution of SWE.

The corresponding electrochemical (anodic) reaction on
CE is water decomposition generating oxygen:

2H,0—4H*+4¢ +0, (Equation 2)

for acidic and neutral solutions, and:

40H —2H,0+4e7+0, (Equation 3)

for alkaline solutions.

Metals and alloys that can be deposited from aqueous
solutions may comprise Zn, Ni, Co, Fe, Pb, Cr, Cu, Sn, Cd,
Bi, Sb, Mn, Ag, and noble metals like Pt, Ir, Au, or others.
Additional metals can be doped with the deposited metals,
such as W, Mo, V, Ga, In, and others. When non aqueous
electrolytes used e.g. ionic liquid, other metals and alloys
can be deposited such as Mg, Al, Ti, Ge, and others, that
cannot be deposited effectively from aqueous electrolytes.
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Aqueous electrolytes usually contain metal salts when the
salt anion may comprise chloride, sulfate, phosphates, pyro-
phosphate, sulfamate, cyanide, nitrate, carboxylates, and
other organic and inorganic ions. Various additives and
complexing agents can be used, such as EDTA, citrates, and
others. The pH of the aqueous electrolytes are regulated by
adding buffers, comprising organic or inorganic compo-
nents; the employed acids may include sulfuric, hydrochlo-
ric, nitric, boric, and others.

The switching on and off of the individual CEs in the
array of counter electrodes can generate different patterns of
metal deposits on SWE, for example as shown in FIG. 2. For
example, when all CEs arranged in a rectangular network are
switched on, a filled-square pattern can be formed (6); when
only outer CEs are switched on, a square circumference can
be formed (7); however, any other pattern can be generated,
such as seen in (8) or (9), when the CEs lying directly
opposite to the black squares are switched on and all other
CEs are switched off. In fact, any possible pattern can be
generated from said 5x5 electrodes in FIG. 2 by switching
the corresponding CEs on or off. In general, CE shapes and
configurations can be adjusted as desired, and the number of
their combinations is practically limitless. In some embodi-
ments the voltage and current through each individual CE is
controlled independently.

The CE or SWE or both can be moved latterly in order to
deposit metal in areas between the CEs. FIG. 3 shows such
a gradual deposition over the whole area, while possibly
continually shifting the deposition location. For example,
firstly all CEs in the followed area are switched on, and the
metal deposition occurs on SWE in the regions directly
opposite to the CEs (10). In the next step, the relative
position of SWE and CEs is changed, for example by
moving the SWE right along X-axis by the distance equal to
the CE length with the right outer column of CEs being
switched off, whereby generating a new deposition pattern
(11). In the next step, the SWE is moving back left along X
and then moving down along Y-axis with bottom outer line
of CEs being switched off to generate the pattern (12).
Finally the SWE is moved right along X again, while
switching off the right column and the bottom line of CEs,
to generate a final pattern (13). By moving the SWE and CEs
along the Z-axis, a 3D structure is created.

Using these step-by-step depositions associated with pre-
determined mutual movements of the CEs and SWE along
the X-axis, Y-axis, and Z-axis, a desired 3D pattern can be
obtained. For example, it is possible to fabricate 3D metal
structures designed by means of a CAD software. In one
embodiment, 3D structure may be discretized along Z direc-
tion, depending on the required resolution and precision, and
in accordance with the resolution and precision of the motor
responsible for the movement along Z axis. A 3D structure
may be reduced to a group of ordered 2D cross-sections,
whereas each cross-section may be discretized according to
the given resolution and the size and shape of the CEs. In
one embodiment, each volume element of the 3D structure
may be transformed into a 3D set of zeros and ones where
zero and one correspond to CE being switched off and or,
respectively. In a method according to the invention, a
plurality of different metals can be employed; deposition of
different metals on top of each other is known. For example,
an initial Cu structure can be printed from the electrolytes
containing copper cations, followed by printing a Ni struc-
ture on top of the first Cu structure after introducing a nickel
cation electrolyte instead of the copper one.

As shown in FIG. 4, an electrochemical device according
to the invention may be equipped with an array of electrolyte
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conductivity measurement electrodes 14 (ECME) and outer
counter electrodes 15 (CE). The ECME can be distributed
across the area comprising CE at different locations and used
for measuring electrolyte conductivity. Each ECME may
comprise two or four electronically conductive substrates
made of or covered with corrosion-resistant material such as
gold, Pt, Ti, or others. They can have different shapes, such
as pins, plates, semi-spheres, etc. The current or voltage is
applied, and the voltage or current is measured. Based on
these values, the conductivity of the electrolyte is measured
at different locations across the CE area. The measurement
of electrolyte conductivity is carried out regularly to account
for changing electrolyte concentration and adjust a value of
potential or current applied between individual electrodes of
ACE and SWE during the electroplating process. In order to
facilitate a deposition/dissolution in the direction perpen-
dicular to the conventional direction between SWE and CEs,
the outer CEs (15) are introduced as shown in FIG. 4. When
the current or voltage is applied between SWE and some
selected outer CEs, a metal deposition on SWE deposited
structures will be initiated. By using such approach it is
possible to create overhanging microstructures or modify the
electrodeposited parts to increase the surface area (FIG. 4).

FIG. 5 shows one aspect of continuously electroplating in
a device according to the invention. Head (16) temporarily
determines the area where the electroplating takes place. The
material or substrate for making the SWE in this case is a
conductive sheet rolled in a feeding roller 17 that is unwind-
ing after accomplishing the desired electroplating step. A
receiving roller (18) accepts sheet (19) after each step of
electroplating on SWE is finished. In some embodiments,
some or all rollers can be replaced with stacked sheet pieces
or other substrate forms or substrate holders, allowing
continuous feeding of the conductive substrates.

While the invention has been described using some spe-
cific examples, many modifications and variations are pos-
sible. It is therefore understood that the invention is not
intended to be limited in any way, other than by the scope
of the appended claims.

The invention claimed is:

1. A device for manufacturing a 3D metal structure by

electrochemical deposition (ECD), comprising

i) a continuous cathode comprising a plurality of planar
surfaces;

il) a container configured to hold an electrolyte that is
configured to be in contact with one planar surface of
said plurality of planar surfaces during one stage of
electrochemical deposition, the electrolyte comprising
ions of said metal,

iii) an array of separate anodes, configured to be in contact
with said electrolyte and arranged on a planar non-
conductive plate (NCP) in a planar 2D grid, the plane
of said plate being parallel to and opposite said one
planar surface of the continuous cathode, wherein the
separate anodes are configured to deposit said metal
onto said one planar surface in a deposition area
opposite thereto, when an electric current and/or poten-
tial is applied between said separate anodes and said
continuous cathode, wherein said array of separate
anodes is embedded in said NCP, so that the NCP
isolates the separate anodes from each other by non-
conductive barriers, and wherein the height of said
non-conductive barriers is 1.5-10 times greater than the
height of said separate anodes;
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iv) a feeding roller configured to unwind the cathode and
a receiving roller configured to wind the continuous
cathode comprising said deposited metal following said
one stage,

v) a controlling system configured to individually regulate
the current and/or potential between said continuous
cathode and said separate anodes, the controlling sys-
tem comprising a microprocessor for storing predeter-
mined parameters and for collecting data; and

vi) electrically conductive connectors connecting said
separate anodes with said controlling system, the con-
nectors being electrically insulated from said electro-
lyte, wherein said predetermined parameters comprise
at least one combination of separate anodes selected
from said array to represent an anode pattern template
in said 2D grid, which anode pattern template provides
a deposition pattern on said one planar surface during
a discrete time period, when said current and/or poten-
tial is applied to said at least one combination of
separate anodes, said deposition pattern being a cross-
section of one or more layers of said 3D metal structure
that is deposited in said one stage.

2. The device of claim 1, further comprising an altering
means for changing the deposition pattern in two consecu-
tive discrete time periods, wherein said altering means is
selected from the group consisting of a means for laterally
changing a relative position of said one planar surface and
said NCP, and a means for changing said at least one
combination of separate anodes.

3. The device of claim 2, wherein said means for laterally
changing the position of said one planar surface and/or said
NCP comprise a micro-controlled engine or motor.

4. The device of claim 1, wherein said predetermined
parameters comprise a sequence of deposition patterns to be
applied in a sequence of consecutive time periods, resulting
in a sequence of thin layers composing said 3D metal
structure that is deposited in said one stage.

5. The device of claim 2, wherein said altering means is
configured to consecutively switch on a predetermined
sequence of combinations of separate anodes.

6. The device of claim 1, wherein said grid is a rectangular
grid, said separate anodes have a square cross-section, and
the surface of the anode array covers at least about 20% of
the NCP plane.

7. The device of claim 1, further comprising a shifting
means for adjusting a distance between said one planar
surface and said NCP, the means comprising a micro-
controlled engine.

8. The device of claim 1, wherein said controlling system
is configured to reverse the current and/or potential between
said separate anodes and said continuous cathode to dissolve
a part of the metal deposited on said one planar surface.

9. The device of claim 1, comprising a fixing head which
holds said one planar surface in the position opposite said
array of separate anodes during said one stage.

10. The device of claim 9, wherein the feeding roller is
configured to feed said one planar surface to the position
opposite said array of separate anodes for said one stage
and/or wherein said fixing head is configured to enable the
translation of the continuous cathode by a desired distance
after said one stage, and hold a consecutive portion of the
continuous cathode for a consecutive stage, thereby forming
a plurality of 3D metal structures on said continuous cath-
ode.

11. The device of claim 1, wherein said NCP comprises a
material selected from the group consisting of polymer,
glass, and ceramic.
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12. The device of claim 1, wherein at least a part of the
separate anodes are configured to deposit said metal along
the direction perpendicular to said one planar surface.

13. The device of claim 1, further comprising electrodes
for measuring conductivity of said electrolyte.

14. A method for manufacturing a 3D metal structure by
electrochemical deposition (ECD), comprising

i) providing a continuous cathode being wound on a

feeding roller, the continuous cathode comprising a
plurality of planar surfaces, a container configured to
hold an electrolyte that is configured to be in contact
with one planar surface of said plurality of planar
surfaces during one stage of electrochemical deposi-
tion, the electrolyte comprising ions of said metal, an
array of separate anodes arranged on a planar non-
conductive plate (NCP) in a planar 2D grid, the plane
of said plate being parallel to and opposite said one
planar surface of the cathode, wherein said array of
separate anodes is embedded in said NCP, so that the
NCP isolates the separate anodes from each other by
non-conductive barriers, and wherein the height of said
non-conductive barriers is 1.5-10 times greater than the
height of said separate anodes, and a receiving roller
configured to wind the continuous cathode following
said one stage; and connecting the separate anodes with
a controlling system which individually regulates a
current and/or potential between the separate anodes
and said continuous cathode, and which comprises a
microprocessor or a memory for storing software and
data;

i1) supplying to said microprocessor data defining said 3D

structure to be manufactured, and creating by a soft-
ware in said microprocessor a plurality of 2D cross-
sections essentially composing said 3D structure; and

iii) selecting at least one combination of separate anodes

for each 2D cross-section to create an anode pattern
template in said 2D grid, which enables deposition of
said metal in a deposition pattern essentially forming an
image of said 2D cross-section on said one planar
surface when said current and/or potential is applied to
said at least one combination of separate anodes; and
applying said current and/or potential for a time period
sufficient to form a layer of a predetermined thickness;
iv) repeating the previous step, thereby creating one layer
after another, eventually forming said 3D structure on
said one planar surface; and

v) winding the continuous cathode comprising said

deposited metal on the receiving roller.

15. The method of claim 14, wherein said step iv com-
prises changing the deposition pattern in consecutive dis-
crete time periods by laterally changing a position of said
one planar surface and said NCP by using a micro-controlled
engine and/or changing said combination of separate
anodes.

16. The method of claim 14, being a continuous process
for manufacturing a plurality of 3D metal structures,
wherein each surface serves for manufacturing one 3D metal
structure in said one stage, the planar surface being held
opposite the array of separate anodes by a fixing head during
said one stage.
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17. The method of claim 16, comprising moving said
continuous cathode along the array of separate anodes,
wherein said feeding roller feeds said one planar surface to
the position opposite said array of separate anodes for said
one stage, and/or wherein said fixing head enables move-
ment of the continuous cathode by a desired distance after
said one stage, and holds a consecutive portion of the
continuous cathode for a consecutive stage, thereby forming
a plurality of 3D metal structures on said continuous cath-
ode.

18. A device for manufacturing a 3D metal structure by
electrochemical deposition (ECD), comprising

i) a continuous cathode comprising a plurality of planar
surfaces;

ii) a container configured to hold an electrolyte that is
configured to be in contact with one planar surface of
said plurality of planar surfaces during one stage of
electrochemical deposition, the electrolyte comprising
ions of said metal,

iii) an array of separate anodes, configured to be in contact
with said electrolyte and arranged on a planar non-
conductive plate (NCP) in a planar 2D grid and embed-
ded therein, the plane of said plate being parallel to and
opposite said one planar surface of the continuous
cathode, wherein the separate anodes are configured to
deposit said metal onto said one planar surface in a
deposition area opposite thereto, when an electric cur-
rent and/or potential is applied between said separate
anodes and said continuous cathode, wherein the NCP
isolates the separate anodes from each other by non-
conductive barriers, and wherein the height of said
non-conductive barriers is about 1.5-10 times greater
than the height of said separate anodes so as to mini-
mize an influence of neighboring separate anodes on
said metal deposition in the deposition area opposite
each separate anode;

iv) a feeding roller configured to unwind the cathode and
a receiving roller configured to wind the continuous
cathode following said one stage;

v) a controlling system configured to individually regulate
the current and/or potential between said continuous
cathode and said separate anodes, the controlling sys-
tem comprising a microprocessor for storing predeter-
mined parameters and for collecting data; and

vi) electrically conductive connectors connecting said
separate anodes with said controlling system, the con-
nectors being electrically insulated from said electro-
lyte, wherein said predetermined parameters comprise
at least one combination of separate anodes selected
from said array to represent an anode pattern template
in said 2D grid, which anode pattern template provides
a deposition pattern on said one planar surface during
a discrete time period, when said current and/or poten-
tial is applied to said at least one combination of
separate anodes, said deposition pattern being a cross-
section of one or more layers of said 3D metal structure
that is deposited in said one stage.
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